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Abstract 
 
Crack type distinction (stress corrosion cracking or fatigue crack) is important 
issue for remaining life prediction of industrial plants. In this study, in order to develop 
the crack type distinguish method by ultrasonic testing, high spatial resolution phased 
array transducer was designed by using sound radiation analysis. The effectiveness of 
designed phased array transducer was investigated by numerical simulation of 
ultrasonic propagation. As a result, detailed crack shape was visualized by proposing 
transducer and the crack type could be distinguished by utilizing the result of detailed 
crack shape visualization. 
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1. Introduction 
Recently, stress corrosion cracking (SCC) or fatigue crack has been observed in 
austenitic stainless steel components of Japanese nuclear power plants. Crack type 
(fatigue or SCC) distinction is important issue for remaining life prediction of such 
plants, though there is no practical method to distinguish the crack type experimentally. 
Therefore the development of practical crack type distinction method has been expected. 
In this study, we executed the fundamental study for crack type distinction by ultrasonic 
testing. The shape of SCC is branching and curving 
[1]. On the other hand, the fatigue 
crack grows approximately straight. In this study, we tried to distinguish the crack type 
by utilizing their shape difference. In order to visualize the detailed crack shape, the 
high spatial resolution ultrasonic phased array transducer was designed. 
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2. SCC Visualization by Ordinary Phased Array System 
  First of all, in order to investigate the effectiveness of ordinary phased array 
system, the conventional ultrasonic testing was conducted. Fig.1 shows the specimen 
used for this experiment. The SCC was introduced in high pressure and high 
temperature water environment at heat-affected zone of this specimen (shown in right of 
fig.1). The sector scan was conducted by using conventional phased array system and 
crack shape was visualized. The center frequency of transducer was 2MHz, element 
number was 32, total length of the entire array was 16mm and element size was 0.4mm. 
Figure 2 shows the sector scan image of SCC. Though the SCC was observed 
at marked area, the detailed shape was not observed. In order to distinguish crack type, 
more high spatial resolution is required. 
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Figure 1. Specimen with SCC (left) and its magnified figure (right) 
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Figure 2. Sector scan image of welded joint with SCC by phased array UT system  
3. Calculation of the Spatial Resolution by Ultrasonic Sound Radiation Analysis 
  In order to visualize the detailed shape of cracks, it is necessary for designing 
high spatial resolution phased array probe. In order to calculate the spatial resolution of 
phased array transducer, the ultrasonic sound radiation was examined by using 
Rayleigh-Sommerfeld Integral (eq. 2) 
[2].  
 
() ( ) () ∫
+
−
′
−
=
b
b
x d ikr
kr
i c k
p exp
2
2
4 exp
,
0
π
π ν ρ
ω r  (2) 
 
where r is distance from center of transducer to analytical point, k is wave number, ρ is 
density, c is acoustic speed and ν0 is velocity at z=0. Though this equation is for 2-D 
model, the result matches well in the case of linear phased array transducer. 
  Figure 3 shows a phased array transducer model, M is transducer elements, 
each of length 2b, each pitch s and total length of the entire array is 2B. The element 
number M must be set as a sufficient number for beam focusing and steering. In this 
study, we set M as 19 in order to satisfy this purpose.   
By the way, the high frequency ultrasonic beam provides high spatial resolution, 
however, in the case of ultrasonic testing for austenitic stainless steel weld zone, the 
high frequency ultrasonic beam causes high scattering and attenuation at weld zone. 
Hence the center frequency of ultrasonic pulse was set as 2MHz in this study. At this 
condition, the wavelength of longitudinal wave becomes around 3mm, hence the 2b was 
set as 1.0mm in order to spread ultrasonic beam widely. 
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Figure 3. Schematic illustration of phased array transducer model  
The aperture length of transducer 2B is strongly related to the spatial resolution. 
Hence we investigated the spatial resolution by changing 2B from 31mm to 91mm. In 
order to estimate the spatial resolution, the half value with of ultrasonic beam intensity 
was used. For example, fig.4 shows the relationship between angle and ultrasonic beam 
intensity at r=20mm when the ultrasonic beam is focused at x=0mm, z=20mm in the 
case of 2B=91mm. In this case, the half value width is estimated as 4.2 degree 
(0.073radian) then the spatial resolution is calculated as 1.5mm by multiplying 20mm 
and 0.073 radian. 
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Figure 4. An example of ultrasonic sound radiation (focused at x=0mm, z=20mm) 
 
Figure 5 shows spatial resolutions contour map for 2B=31mm, 51mm, 71mm, 
91mm respectively. In the case of small 2B, the spatial resolution of transducer is lower 
than 3mm at the far field and it is not enough to visualize detailed crack shape. On the 
other hand, in the case of 2B=91mm, the spatial resolution is higher than 2.0mm at all 
over the significant area. Considering above, 91mm was adopted as total length of the 
entire array. 
  
Figure 5. Spatial resolution for each aperture length phased array probe 
 
4. Numerical Simulation and Visualization Result 
  In order to investigate the effectiveness of designed phased array transducer, 
numerical simulation by finite difference method was used for simulating ultrasonic 
wave. Fig.6 and Fig.7 shows the simulation models for this study. The cracks which 
simulates SCC and fatigue crack were implemented in the specimen respectively. 
According to the discussion of chapter 3, we put the 19 ultrasonic oscillators (1mm 
width, 5mm pitch) on the surface of specimen as shown in figure. The 2MHz 
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)longitudinal Gaussian sine pulse beams are generated and received by each oscillator 
respectively. The received 361 (19×19) ultrasonic waveforms were reconstructed to 
graphic image of crack shapes by Synthetic Aperture Focusing Technique (SAFT).   
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Figure 6. Ultrasonic simulation model with SCC 
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Figure 7. Ultrasonic simulation model with slit 
 
Fig.8 and Fig.9 show the results of crack visualization for each simulation model. Fig.8 
shows the visualization result of Fig.6 model and Fig.9 shows the visualization result of 
Fig.7 model. As shown in Fig.8, the detailed shape of SCC could be approximately 
reconstructed. On the other hand, in the case of fatigue crack, only the top of the crack 
could be visualized (Fig.9). However the results are different from each other and so the 
crack type could be distinguished by utilizing visualization result.   
 
 11 9 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
92.95mm
3
5
.
4
m
m
Max
Min
11 9 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
92.95mm
3
5
.
4
m
m
Max
Min
11 9 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
92.95mm
3
5
.
4
m
m
Max
Min
 
Figure 8. SAFT result for SCC model 
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Figure 9. SAFT result for slit specimen 
 
CONCLUSION 
In this study, we executed fundamental study in order to develop the 
distinguish method between SCC and fatigue crack. The high spatial resolution phased 
array transducer was designed. Next, in order to investigate the effectiveness of 
designed transducer, numerical simulation was conducted. The crack shape visualization 
was conducted by Synthetic Aperture Focusing Technique. As a result, the detailed 
crack shapes were visualized clearly and the crack type could be distinguished by 
designed ultrasonic phased array transducer. 
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